. In microbial ecology, a major goal is to understand how environmental microbiomes impact ecosystem health and function. This desire to mechanistically link micro and macro processes is increasingly highlighting the importance of functional ecology, which aims to develop an understanding of relationships using functional traits, as opposed to species names. A functional trait may be any morphological or physiological trait that influences the performance or fitness of an individual in a given environment, such as regeneration time, size, antibiotic production or motility 2 . Although it is not possible to measure a given trait for each individual within an environmental microbiome, community-level functional traits can be derived from the community metagenome either directly via shotgun sequencing or predictively (for bacteria) from 16S rRNA profiles 3 . In understanding environmental microbiomes, functional traits have unique properties that can be utilised to (1) compare microbiomes using an ecological framework, (2) understand processes governing community assembly, and (3) build predictive ecological models.
Functional comparisons of environmental microbiomes
Functional traits are not necessarily conserved across phylogenetically closely-related taxa, but rather are conserved amongst organisms with similar life strategies. As such, trait-based comparisons of environmental microbiomes can be used to elucidate repeated ecological patterns across microbiomes even if they are taxonomically distinct. For example, if one was attempting to understand ecological similarities amongst geographically dispersed microbiomes from comparable ecosystems (e.g. wetland microbiomes), one may find that the communities contain vastly different suites of species. In this instance species names alone cannot be used to identify ecological trends uniting these microbiomes.
However, because the microbiomes are from similar ecosystems, it is likely that within each microbiome different species will employ similar life strategies to survive and thus exhibit similar functional traits. In this way, functional traits can identify meaningful ecological patterns across taxonomically distinct microbiomes.
Linking micro to macro: understanding of processes governing community assembly
The concept that environmental filters act on traits -not speciescan be used to interpret how environmental parameters alter microbiomes in an ecologically meaningful way. The twin-filter hypothesis proposes that a two-step filtering process acts on local species pools: a primary 'ecological filter' increases the trait similarity within a community by selecting for similar life strategists (i.e.
environments characterised by severe nutrient stress will select for traits that produce stress-tolerant life strategists); secondary 'proximal filters' then select against traits which affect survival but are not integral to the broad life strategy (e.g. variation in tolerance to environmental toxins or resistance to local pathogens and predators), creating dissimilarity within the local subset of species and generating the final community structure (Figure 1 
Building trait-based predictive models
Functional traits can be incorporated into ecological classification frameworks which aim to predict how environmental microbiomes will change over time. Grime's CSR theory is an ecological classification framework that groups traits in terms of three broad life strategies: competitive, stress tolerance and ruderal (colonisation) life strategies 6 . Each life strategy group is an umbrella term that encompasses multiple functional traits which achieve the same outcome (Table 1) . For example, stress tolerance traits may be defined as any trait that constitutes an investment in the maintenance of organismal biomass. In plants this may be the production of thorns or chemical compounds to deter herbivory. In an environmental microbiome this may manifest as an increase in the prevalence of DNA repair pathways or genes involved in the production of free radical scavengers.
The CSR theory proposes that organisms face a three-way resource trade-off between the investment in C, S or R life strategies, which is governed by the levels of stress (due to resource availability) and disturbance present in an environment 4 . The theory predicts that when stress and disturbance are minimal, the investment of resources into competitive traits confers a selective advantage that outweighs the loss in fitness due to reduced investment in other adaptive strategies, such as stress-tolerance or colonisation
Ecological filter Proximal filter
Local species pool Similar life strategists Realised community . The local species pool provides a source of species that can potentially enter a community. An ecological filter acts on life-history associated traits, selecting for species that exhibit similar life strategies (e.g. stress tolerators, competitors, colonisers). Secondary 'proximal filters' such as toxins, predators or the type of carbon present determine final community composition. Figure 2 ). In these communities, competitive interactions -and organisms with traits that contribute to a competitive life strategy -will prevail. Conversely, the theory predicts that stresstolerance traits and life strategies will prevail when stress is high (i.e.
resources are limited) but disturbance is low. Stress tolerant life strategists tend to be slow growing and are adapted to retaining resources. Finally, when stress is low but disturbance is high the theory predicts that ruderal traits, which pertain to re-colonisation potential, will confer a selective advantage and ruderal life strategists will prevail.
The use of ecological theories, such as the CSR hypothesis, presents a clear route towards developing predictive models which could be incorporated into ecosystem-level conservation and management practices. Indeed, even though CSR theory has its roots in plant ecology, the core principals are recognised as being applicable to microbial communities [7] [8] [9] . A current barrier to developing predictive trait-based models is that ecological interpretations of microbial traits often rely on prevalent opinions from the literature, rather than on empirical data. For example, the production of antimicrobial metabolites is generally considered to be a compet- ). However, an increasing body of evidence suggests a pivotal role for the plant-associated mycobiome (i.e. the fungal community) in influencing the competitive success of invasive species [3] [4] [5] [6] . Fungi are important terrestrial ecosystem components, acting as mutualists, pathogens, decomposers, and food sources.
Because of their primary role as drivers of many ecosystem functions and their ability to establish intimate relationships with terrestrial plant species (e.g. mycorrhizal fungi or leaf endophytes) (Figure 1 ), fungal communities can critically influence plant fitness and survival and, hence, their colonisation and invasion patterns 5, 7 .
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